Overall, 52 patients were included in the study. Twenty-six patients (9M:17F) with a mean age of 55 ± 9 and a mean BMI of 32.8 ± 5.3 were treated with PMM and followed for 5.5 ± 2.0 years (range 2.3-9.3 years). In the PMM group, final median Tegner score was 3, mean IKDC score was 67.8 ± 20, and more patients had grade II or higher arthritis at final follow-up than baseline (91.3 vs. 36%, p < 0.01). Overall, 14 of the 26 patients (54%) treated operatively progressed to total knee arthroplasty at a mean of 54.3 months. There was no significant difference in final Tegner scores, IKDC, K-L grades, progression to arthroplasty, or overall failure rate between the PMM group and non-operative group. Following PMM, female patients had lower final IKDC scores (44.0 ± 2.8 vs. 74.6 ± 16.7, p = 0.02) compared to males, as well as a higher rate of arthroplasty (70.6 vs. 20.0%, p = 0.009). Higher BMI correlated with lower IKDC scores (r = −0.91, p = 0.01) and meniscal extrusion was associated with higher rate of arthritis at final follow-up (p = 0.02). Conclusion Partial meniscectomy for a complete MMPRT provides no benefit in halting arthritic progression. Patients who undergo PMM for MMPRTs still progress to significant arthritis, poor clinical outcomes and a high arthroplasty rate (54%) at over 5-year follow-up. Female gender, increased BMI, and meniscus extrusion were associated with worse outcome. Study design Level III.
Introduction
Nearly half of all arthroscopic knee procedures performed in the United States involve a meniscus tear [16] . Until recently, most of these procedures included either partial meniscectomy or repair of meniscus body tear. Recognition of meniscus root tears has increased since Pagnani et al. described medial meniscus posterior root tears (MMPRTs) and associated meniscal extrusion [23] . Focus quickly shifted to consideration of repair of these meniscal root tears when Allaire et al. showed that an avulsion of the posterior root of the medial meniscus results in peak tibiofemoral contact pressures equivalent to a complete meniscectomy [3] . New knowledge of the long-term effects of meniscal root tears, including progression to degenerative joint disease (DJD), has encouraged surgeons to consider repair of the root. Previous authors have reported that repairing a meniscal root avulsion restores the ability of the medial meniscus to absorb hoop stress and eliminates jointspace narrowing, possibly decreasing the risk of arthritis [22] .
Comparative studies of meniscus root tear treatment have also been published. Ahn et al. reported that root repairs resulted in better outcomes compared to nonoperative management in select patients [1] . Chung et al. demonstrated that MMRT repair (20 knees) was superior to debridement (37 knees) [9] . However, as more repairs have been performed, circumstances where they do not clinically perform well have been reported. For example, one study found that repairs had no advantage over nonoperative management in the setting of grade 3 articular cartilage degeneration or varus malalignment [1] . In these cases where operative repair of the root avulsion is not a good option, the question remains if partial debridement of the tear can result in any symptomatic relief for the patient. The purpose of this study is to evaluate (1) the efficacy of partial medial meniscectomy (PMM) to treat MMPRTs compared to a matched group of non-operatively treated MMPRTs, and (2) to analyze risk factors for worse clinical and radiographic outcome among those treated with PMM. Previous studies have demonstrated poor outcomes for these types of injuries when treated non-operatively [18] . Currently, limited information exists for treatment with partial meniscectomy, and no studies to date have compared these two treatment modalities. This is the first study to compare patients treated with meniscectomy to patients treated non-operatively for symptomatic medial meniscus posterior horn root tears. It is the hypothesis of the study that partial meniscectomy provides no benefit over nonoperative treatment following the diagnosis of MMPRT.
Materials and methods
After approval by institutional review board (IRB ID# 15-000601), an institutional database was searched from 2005 to 2013 for patients diagnosed with meniscus "root" or "root tear". Inclusion criteria included: (1) complete medial meniscus posterior root avulsions or (2) a complete radial tear adjacent (within 9 mm) to the medial meniscus posterior root [19] (3) patient presented with acute onset clinical symptoms that correlated to MRI findings and (4) patient had a partial meniscectomy of the unstable root detachment, typically for perceived mechanical symptoms. Exclusion criteria consisted of: (1) prior or subsequent ligamentous knee injury as this likely reflects a high-energy traumatic injury to the root attachment, (2) subsequent meniscal repair after diagnosis, (3) lateral meniscus root tears, (4) anterior meniscus root tears (5) concomitant traumatic tibial plateau fracture, and (6) less than 2-year clinical follow-up. A total of 26 patients with isolated medial meniscus posterior horn root tears met these criteria and were included in the cohort.
Chart review was performed to obtain pre-diagnosis Tegner scores and a summary of surgical treatments that patients underwent following their diagnosis of isolated MMPRT. If a patient underwent an arthroplasty, the date of procedure was recorded, and the patient was excluded from subjective outcome score analysis, but was included in radiographic and failure analysis. Patients were contacted to complete IKDC subjective evaluations and final Tegner scores.
The initial MRIs were read by a musculoskeletal-trained radiologist and then evaluated by an orthopedic surgeon to confirm the presence of a meniscal root tear, and any associated meniscal or ligamentous injuries. A radiologist subsequently evaluated these MRIs for the presence or absence of associated meniscal extrusion, subchondral edema, or insufficiency fractures. The presence of a MMPRT was defined as a radial tear or complete avulsion of the meniscus within 9 mm of the root attachment, near the tibial spine, as defined by LaPrade [19] . Meniscal tears that originated outside of this location and then extended into the root, or were not within 9 mm of the root attachment were not regarded as true root tears in this study. The criteria published by Kenny et al. [15] was used to confirm meniscal subluxation. This was defined as subluxation of the peripheral margin of the medial meniscus protruding beyond the medial tibial plateau, excluding osteophytes. If the amount of meniscal subluxation exceeded 3 mm, then it was categorized as meniscal extrusion, as initially described by Costa et al. [10] . Subchondral edema was defined as focal bone marrow signal alteration, including edema or cyst-like changes just beneath the insertion of the root of the medial meniscus [5] . An insufficiency fracture was defined as low-signal-intensity focus beneath the articular surface in the weight-bearing area of the tibiofemoral compartment on T1-weighted images and central focal linear subchondral low-signal-intensity or focal subchondral bone plate impaction with marked surrounding bone marrow edema on fat-suppressed T2-weighted images, as defined by Roemer [25] .
Radiographic assessment of knee arthritis was determined using Kellgren-Lawrence (K-L) grading system [14] . Weight-bearing anterior-posterior (AP) knee radiographs as well as posterior-anterior (PA) flexion views were evaluated and arthritis was graded as none (Grade 0), doubtful (Grade 1), minimal (Grade 2), moderate (Grade 3), or severe (Grade 4). For statistical analysis, the presence of arthritis was defined as having Grade 2 or higher arthritis on radiographs.
Patients in the PMM cohort were matched by age (within 5 years), BMI (within five points), gender, and initial K-L grade to a group of patients who underwent non-operative treatment for a MMPRT diagnosed by MRI and the acute onset clinical symptoms (within 3 months of presentation). Subjective outcomes scores, radiographic scores, progression to arthroplasty, and failure rates were then compared between the two groups. Failure was defined as an IKDC score less than 75.4 (severely abnormal) [13] or progression to knee arthroplasty.
Statistical analysis
MRI characteristics, BMI, and gender were analyzed with regards to, subjective outcome scores, radiographic outcomes, rate of arthroplasty, and "failure" as defined by our study. Chi-square analysis was used for categorical variables, and Wilcoxon Rank-Sums was used for continuous variables. The study and control groups were analyzed statistically using a two sample t test. Kaplan-Meier analysis was used to evaluate the effect of variables on the timedependent rate of arthroplasty. Continuous variables were reported as a mean ± standard deviation and ordinal variables were reported as a median with range values. All data was reported and collected with accuracy to one decimal place. A power analysis to detect a difference with 80% power determined that a sample size of 26 patients in each group would be able to detect a difference of 5.0 points in IKDC scoring, based on comparing the standard deviations with previous cohorts [18] . The minimal clinically important difference (MCID) for IKDC score in meniscus root tears has not been established. All statistical tests were two-sided. p values <0.05 were considered statistically significant. Statistical analyses were performed using SAS Statistical Discovery JMP version 7.0 (SAS, Inc. Cary, NC, USA).
Results
The partial medial meniscectomy cohort consisted of 26 MMPRTs in 26 patients (9M: 17F) with a mean age of 54.7 ± 9.0 (range 45-71), a mean BMI of 32.8 ± 5.3, and mean clinical follow-up of 5.5 ± 1.9 months (range 2.3-9.3 years) and radiographic follow-up of 3.1 ± 2.1 years. MRI evaluation revealed that 67% of these patients had associated meniscal extrusion (defined as ≥3 mm) and 52% had subchondral edema or an insufficiency fracture at the time of diagnosis. In the non-operative control group, 78% had associated meniscal extrusion and 54% had subchondral edema or an insufficiency fracture.
Clinical outcome
In total, 14 patients (54%) underwent subsequent total knee arthroplasty (TKA) following meniscectomy for the treatment of MMPRT at a mean of 54.3 ± 35.4 months (range 5-104 months) after meniscectomy. For the remaining 12 patients, mean IKDC scores at final follow-up were 67.8 ± 19.8 (range 42-94).
Radiographic outcome
Median Kellgren-Lawrence grades on weight-bearing AP and PA Flexion films progressed significantly from a median of 1 (range 0-3) to 2 (range 1-4) after a mean radiographic follow-up interval of 3.1 years (p < 0.001). Significantly more patients in the PMM group had grade II or higher arthritis at final follow-up compared to baseline (91.3 vs. 36% p < 0.01).
Comparisons between study and control group
Patient demographics and pre-operative characteristics of the control group are summarized in Table 1 .
Overall, when comparing the study group with the control group, there was no significant difference in activity level, subjective outcome, progression to arthroplasty, or radiographic arthritis at follow-up ( Table 2 ).
No significant difference was found in failure rates between the groups who underwent meniscectomy as a treatment vs. patients who received non-operative treatment (n.s.) ( Fig. 1) .
Risk factor analysis for PMM study group only
Overall, 77% of patients in the PMM group met failure criteria, including 14 arthroplasties and six severely abnormal IKDC scores. Females progressed to arthroplasty at a significantly higher rate than males (70.6 vs. 20%, p = 0.009), had worse IKDC scores (44.0 ± 2.8 vs. 74.5 ± 16.7 vs, p = 0.04) and lower baseline [3 (range 2-4) vs. 5 (range 4-7), p = 0.005] and final [3 (range 2-3) vs. 4 (range 2-7), p = 0.009] median Tegner scores.. Patients who were overweight (BMI > 30) failed at a significantly higher rate than those with a normal weight (94.4 vs. 44.4%, p = 0.004). They also had significantly worse final IKDC scores (52.2 ± 8.8 vs. 87.3 ± 5.9, p = 0.0002). The presence of extrusion on MRI was found to be a risk factor for arthritis (defined as meniscal subluxation greater than 3 mm [10]) at final radiographic analysis (100 vs. 57%, p = 0.02). No other risk factor analyzed was found to be predictive of poor outcome.
Discussion
The most important finding of the study was that PMM provides no benefit over non-operative treatment for symptomatic, isolated MMPRTs. Both groups failed and progressed to arthroplasty at high rates. Several authors have reported the results of MMPRT repair, but the current literature is lacking on the efficacy of partial meniscectomy as palliative treatment for tears that may not be candidates for repair. The aim of this study was to compare partial medial meniscectomy to non-operative treatment for a MMPRT.
Overall, both groups of patients had poor clinical outcome, progressive arthritis and a high rate of conversion to arthroplasty. Partial meniscectomy did not confer any advantage over non-operative management as a palliative treatment option. Female gender, elevated BMI, and initial meniscus extrusion on MRI yielded particularly poor results. Based on these findings we recommend that partial meniscectomy be avoided in patients with a MMPRT.
Previous reports of partial meniscectomy as a treatment for MMPRT have shown varying results. Han et al. showed improvement in Lysholm scores from 72 to 77 at 5-8 years post-operatively [11] . However, only 17% of these patients had complete tears of the meniscus. These incomplete or partial tears are biomechanically different than the complete tears that were included in our study, most having associated meniscal extrusion. Tears may be easily missed on initial MRI examination [24] . Therefore, a high index of suspicion is needed. Meniscus extrusion has a worse prognosis, suggesting a more severe tear pattern than a partial avulsion without extrusion. A study comparing partial meniscectomy to meniscal repair for 58 MMPRTs showed that both groups had significant improvement in Lysholm and IKDC scores [17] . It is unclear whether these MMPRTs were full thickness or partial tears extending into the root. The authors found no significant difference Chung et al. concluded that partial meniscectomy provided inferior clinical results, more progression to arthroplasty, and higher clinical failure than root repair for the treatment of MMPRTs. The meniscectomy group in this study had even lower IKDC scores than our cohort (49 vs. 68) [9] .
In the current study, meniscus extrusion was a risk factor for progressive, radiographic arthritic changes. Choi showed that higher degree of extrusion is associated with articular cartilage degeneration, identifying 0.38 cm as the critical point that results in a 44% chance of progression to grade 3-4 at 2 years [6] . Costa and Lerer also independently reported 3 mm of extrusion as the critical point in on midcoronal imaging [10, 21] . Lee et al. described that the amount of extrusion, rather than the location of the meniscal tear was the most important determinant of subsequent arthritis severity [20] . In the current study, meniscal extrusion was found in 67% of patients with complete MMPRTs. This correlates well with earlier biomechanical studies demonstrating that contact pressures are significantly altered with a complete root tear [3] . Although repair has shown favorable clinical results, it still has not been shown to be able to reduce meniscal extrusion to a significant degree [7] .
Other authors have reported that older patients, women, and higher BMI are associated with increased risk of medial meniscus root tears compared to other types of root tears [4, 12] . The current cohort was generally older (mean age of 58 at diagnosis) and female (65%). Female gender was associated with worse final subjective outcome scores and high rates of subsequent total knee arthroplasty. In addition, 88% of females were considered failures at follow-up as compared to 60% of males. Elevated BMI also resulted in a higher rate of failure and progression to subsequent arthroplasty. It is possible that once a MMPRT occurs, females and those with obesity may be more susceptible to increased subchondral loading, bone edema, insufficiency fractures and symptomatic arthritis. Akamatsu et al. demonstrated that decreased bone mineral density was associated in females over the age of 60 with the onset of spontaneous osteonecrosis of the knee [2] .
Limitations of this study include the small patient cohort, retrospective design and lack of comparison to baseline symptoms. The small number of patients is due to fact that some were excluded due to the strict definition of medial meniscal posterior horn root avulsions or complete tears within 5 mm of the root attachment. Other studies have included both partial tears of the medial and lateral meniscus, which makes it difficult to draw inferences about which specific tear is leading to poor subsequent outcomes [5] . Another limitation is the lack of full-length standing (hip-knee-ankle) radiographs to analyze the mechanical axis, since varus malalignment has been shown to be a significant prognostic factor following MMPRT repair [8] .
The findings of the current study provide a good benchmark for physicians when counseling patients with the diagnosis of a symptomatic MMPRT. Clinicians should set realistic expectations in patients with these types of injuries and should avoid surgery if it only consists of PMM. Not all patients with MMPRTs are candidates for repair, especially in the setting of more advanced degenerative changes. Patients should be counseled to understand the complex nature of these degenerative tears and should be prepared that many of these injuries may result in significant arthritis and ultimately, progression to knee arthroplasty.
Conclusion
Partial meniscectomy for a complete MMRT provides no benefit in halting arthritic progression. Patients who undergo arthroscopic partial medial meniscectomy for MMPRTs still progress to significant arthritis, poor clinical outcomes and a high arthroplasty rate (54%) at 5-year follow-up. Compared to a non-operative control group, there was no benefit in any subjective or objective outcome measures following arthroscopic partial meniscectomy. Female patients, higher BMI, and the presence of meniscus extrusion were associated with worse outcomes and a higher rate of subsequent knee arthroplasty.
The findings of the current study demonstrate the challenging nature of degenerative medial meniscus posterior root tears. Physicians should counsel their patients that meniscectomy as a treatment for these injuries provides little benefit over non-operative treatment. Repair should be considered in the select patient without degenerative changes; however, not all patients are good candidates for repair and many of these injuries progress to significant physical impairment, including degenerative arthritis and knee arthroplasty.
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